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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Identify changes in medical/surgical practice that can affect the prognostic performance of established prognostic
factors such as lymph node involvement in breast cancer.

2. Explain how the lymph node ratio can help to adjust against practice-related changes.

3. Use the lymph node ratio as a measure of tumor burden in order to weigh the risk of breast cancer death against
other causes of death in elderly patients.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Purpose. The purpose of this article was to examine the
relationship between age and lymph node ratio (LNR,
number of positive nodes divided by number of exam-

ined nodes), and to determine their effects on breast
cancer (BC) and overall mortality.

Methods. Women aged >50 years, diagnosed in 1988–
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1997 with a unilateral histologically confirmed T1-T2
node positive surgically treated primary nonmetastatic
BC, were selected from the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER).
Generalized Additive Models for Location Scale and
Shape (GAMLSS) were used to evaluate the age-LNR
relationship. Cumulative incidence functions and mul-
tivariate competing risks analysis based on model selec-
tion by the Bayesian Information Criterion (BIC) were
used to examine the effect of age and LNR on mortality.
Low LNR was defined as <0.20, mid-LNR 0.21–0.65,
and high LNR >0.65.

Results. GAMLSS showed a nonlinear LNR-age rela-
tionship, increasing from mean LNR 0.26–0.28 at age
50 –70 years to 0.30 at 80 years and 0.40 at 90 years.

Compared with a 9.8% [95% confidence interval (CI)
8.8%–10.8%] risk of BC death at 5 years in women aged
50–59 years with low LNR, the risk in women >80 years
with low LNR was 12.6% [95% CI 10.1%–15.0%], mid-
LNR 18.1% [13.9%–22.1%], high LNR 29.8% [22.7%–
36.1%]. Five-years overall risk of death increased from
40.8% [37.5%–43.9%] by low LNR to 67.4% [61.4%–
72.4%] by high LNR. The overall mortality hazard ratio
for age >80 years with high LNR was 7.49 [6.54–8.59],
as compared with women aged 50 –59 years with
low LNR.

Conclusion. High LNR combined with older age was
associated with a threefold increased risk of BC death
and a sevenfold increased hazard ratio of overall mor-
tality. The Oncologist 2010;15:1050–1062

INTRODUCTION

Breast cancer is the most common malignancy affecting
women, with more than 1 million new cases occurring
worldwide annually [1]. The age-specific incidence rate is
highest among patients 70 years or older [2, 3]. A decrease
in breast cancer mortality has been reported in the 20–69
years age groups [4], but has not been observed in the older
age groups [5, 6]. The high breast cancer mortality among
elderly patients in these latter reports is troubling, as several
studies noted advancing age was associated with more fa-
vorable tumor biology or with a more indolent tumor be-
havior [7–13]. The question of the biological behavior of
breast cancer in elderly patients is an important issue that
may directly affect treatment decision: if breast cancer is an
indolent disease in older women, then less aggressive treat-
ments might be appropriate. If not, refraining or reducing
treatments would result in poorer outcome [14]. In either
case, treatment decisions must also consider existing comor-
bidities that are often present in older women [15–18]. Prog-
nostic factors can potentially aid such decisions. Notably,
axillary lymph node involvement is considered as one of the
most important. Reviews have shown that the ratio of positive
to excised nodes (lymph node ratio, LNR) as a measure of
nodal involvement consistently improved prognostication
over numbers of nodes [19, 20]. However, the relationship of
the LNR with age has scarcely been investigated [21].

We hypothesize that the severity of disease in elderly
women has been underestimated, as might result from less
performance of axillary staging with age [22–25]. In the
present study, we examine how age relates with LNR, and
we investigate how these two factors affect survival in
women with T1-T2 node positive breast cancer.

MATERIALS AND METHODS

Women aged �50 years diagnosed in 1988–1997 with a
unilateral histologically confirmed nonmetastasized T1-T2

(tumor size � 5 cm [26, 27]) node positive surgically
treated first primary breast carcinoma were selected from
the National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results 9-Registries (SEER release 2009)
[28]. Cases with primary tumors extending beyond the
breast parenchyma, non– hospital-based records, patients
not under active follow-up, undefined tumor size, and un-
defined numbers of lymph nodes were excluded.

We conducted the analyses in three successive modules.
First, we considered how to describe the relationship be-
tween age and LNR. Second, we examined their crude im-
pact on breast cancer survival. Third, we considered
whether or not the effect of age and LNR on survival was
affected by other prognostic factors.

For the description of how age and LNR related, we
used the recently developed approach of semiparametric re-
gression based on the Generalized Additive Models for Lo-
cation Scale and Shape (GAMLSS) [29]. On consideration
that the LNR is derived from the respective values of the
number of positive nodes (npos) and the number of nodes
removed (ntot), that is, LNR � npos/ntot, we also examined
how age was related to npos and ntot.

To examine how age and LNR affect breast cancer–
specific survival, without covariate adjustment, we used the
method of cumulative incidence curves [30]. To examine
their effect taking into account other prognostic variables,
we used cause-specific survival analysis based on Lunn and
McNeil’s data augmentation “B” method applied to Cox
models [30, 31]. The method gives the same results as con-
ventional analyses in which other causes of death are cen-
sored, but with the advantage of using a single survival
model. To select which variables would be included in that
single model, we scanned candidate variables by stepwise
Cox regression using the Bayesian information criterion
(BIC) [32]. Variables evaluated were the SEER registry
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area, race, age (categorized as 50–59, 60–69, 70–79, and
�80 years), marital status (married vs. else), year of diag-
nosis (1988–1992 vs. 1993–1997), tumor location (medial
vs. else), hormone receptor status (both estrogen and pro-
gesterone positive, vs. both negative, vs. else), histology
(ductal vs. else), histological grade (grade 3– 4 vs. else),
type of local therapy (mastectomy or breast conserving,
with or without radiation therapy), tumor size (�2 cm vs.
�2 cm), ntot (10 or more vs. 1–9 lymph nodes examined),
npos (1–3 vs. 4–9 vs. �10 positive nodes) [26, 27], and
LNR (�0.20 vs. 0.21–0.65 vs. �0.65) [33].

All statistical analyses were done using R version 2.10.1
[34]. GAMLSS used the package “gamlss” [35]. Compet-
ing risks analyses by cumulative incidence curves and by
Cox models used the package “survival” [30]. Stepwise re-
gression and application of the BIC used the package
MASS [36]. Script programming required to implement the
analyses was developed in-house; the program is available
on request.

RESULTS

Subjects matching the selection criteria included 17,685
cases from the SEER 9-Registries diagnosed in 1988 –
1997. At follow-up cutoff date December 31, 2006, the me-
dian follow-up for patients still living (censored for death
from any cause) was 12.75 years (interquartile range [IQR],
10.6–15.4 years).

Table 1 summarizes patient characteristics. Larger per-
centages of married status, black race, negative estrogen re-
ceptor, and breast-conserving surgery with or without
radiation therapy were noted in the younger women. De-
creased percentages of married status, black race, negative
estrogen receptor, and radiation therapy were noted in the
older women. The relative percentage of more extensive
lymph node examination was higher in younger women
(34.2% �10 nodes examined vs. 27.9% �10 nodes exam-
ined). This relative percentage was reversed in older
women (24.6/27.2 in the 70–79 year old age group, 8.2/
15.8 in the �80 year old age group). The relative percent-
ages of positive lymph nodes were comparable among the
different age groups. The relative percentage of high LNR
was lower in younger women (0.86 � 29.1%/33.9%). Con-
versely, it increased in the older women (1.43 � 12.6%/
8.8%). The relative percentage of breast cancer deaths vs.
deaths from other causes was higher in younger women
(2.77 � 34.3%/12.4%), whereas the relative percentage of
deaths from other causes was higher in older women
(2.92 � 22.8/7.8).

The distributions of the lymph node values npos, ntot,
and LNR, without taking into account age, are shown in
Figure 1. The distributions detailed according to age are

shown in Figure 2. By all means, npos could be considered
constant across all ages—the GAMLSS showed only an im-
perceptible decrease of the smoothed mean npos from 3.9 at
age 50 years to 3.6 at 90 years (Figure 2, left panel, npos).
ntot changed more notably with age, declining from a mean
of 16.4 at age 50 years, to 16.3 at 60 years, 15.7 at 70 years,
14.3 at 80 years, and 11.6 at 90 years (Figure 2, middle
panel, ntot). The LNR changed inversely, increasing at first
slowly and then exponentially, from 0.26 at age 50 years, to
0.27 at 60 years, 0.28 at 70 years, 0.30 at 80 years, and 0.40
at 90 years (Figure 2, right panel, LNR).

Results of the competing risks analysis according to age
and LNR but without other covariates adjustment are sum-
marized in Figure 3. The specific cumulative incidence
curves were coded by the colors red, purple, green, and blue
to indicate age group and by solid line, dashed line, and dot-
ted line to indicate LNR category. The combination of the
two distinct methods of coding— color and line style—
therefore uniquely identified each of the 12 possible age
and LNR subgroups. The left panel (A) displays the risk of
death from breast cancer. It shows that patients of different
age groups but within the same LNR category had compa-
rable probabilities of dying from breast cancer. The right
panel (B) displays the risk of death from other causes. It
shows that patients in different LNR categories but within
the same age groups had comparable probabilities of dying
from other causes. There was evidence of nonproportional-
ity shown by the divergence and crossing of curves with the
high LNR �80 years age group (plain red curve). This
could be explained by the small number of patients in that
subgroup (n � 282, 12.6% of 2,238 patients with high
LNR; Table 1).

Tables 2A and 2B focus on the mortality estimates at 5
years of follow-up. Compared with the 9.8% [95% confi-
dence interval (CI) 8.8%–10.8%] risk of dying from breast
cancer at 5 years in women aged 50–59 years presenting
with low LNR, the risk in women �80 years with low LNR
was 12.6% [95% CI 10.1%–15.0%], increasing with mid-
LNR to 18.1% [13.9%–22.1%], and with high LNR to
29.8% [22.7%–36.1%] (section a in Tables 2A and 2B).
The risk of dying from other causes increased with age. In
women presenting with a high LNR, it was 4% [2.0%–
5.9%] at age 50 –59 years, increasing to 37.6% [30.4%–
43.9%] at age �80 years (section b in Tables 2A and 2B).
The overall risk of dying from any cause in women �80
years increased from 40.8% [37.5%–43.9%] with low LNR
to 67.4% [61.4%–72.4%] with high LNR (section c in Ta-
bles 2A and 2B).

We proceeded next to the analyses with covariates ad-
justment. Considering overall mortality endpoint, age and
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lymph node ratio came on top of the variables selected by
the BIC, followed by T stage, hormone receptor status, mar-
ital status, local therapy, histological grade, and race (Table
3). The number of positive nodes was also selected by the
BIC. It ranked 9th at the bottom of the list and caused in-
stabilities in subset analyses due to colinearity with LNR;
therefore, we rejected it. On the basis of the retained vari-
ables, the cause-specific hazard ratios in Table 3 showed
that age was strongly associated with mortality from other
causes, whereas LNR was preponderantly associated with

mortality from breast cancer. Other variables showing a dif-
ferential association with mortality from breast cancer were
T stage, hormone receptor status, and histological grade.
Marital status, local therapy, and race showed less differen-
tial association with the cause-specific endpoints.

Last, the models of Table 3 were recomputed by taking
into account interactions between the age and LNR catego-
ries. Hazard ratios of the other covariates were practically
unaffected; therefore, Table 4 summarizes only the results
pertaining to age and LNR. Combined age and LNR were

Figure 1. The distribution of the number of positive nodes, the number of examined nodes, and the LNR, without taking into
account age. Unadjusted histograms. Red curves are continuous distribution functions fitted by GAMLSS: lognormal for npos,
normal for ntot, and lognormal for LNR.

Abbreviations: LNR, lymph node ratio; npos, number of positive nodes; ntot, number of examined nodes.

Figure 2. The distribution of the number of positive nodes, the number of nodes examined, and the LNR, as a function of age at
diagnosis. The three panels represent the distribution of npos, ntot, and LNR according to age. Two representations are combined
in each panel, on one hand crude unadjusted observed data, represented by gray and blue dots, and on the other hand semipara-
metric smoothing by GAMLSS, represented by continuous curves. The gray dots are jittered individual patients’ lymph node
values, and the large blue dots are the average lymph node values computed separately at each age. The curves are respectively the
mean (plain curve in red), the median (plain curve in black), the 25th and 75th percentile (lower and upper dashed curve in black),
and the 10th and 90th percentile (lower and upper dotted curve in black). In the ntot panel, the mean and the median curves are
identical.

Abbreviations: LNR, lymph node ratio; npos, number of positive nodes; ntot, number of examined nodes.
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associated with an increasing overall relative mortality up
to sevenfold, with a hazard ratio of 7.49 [6.54 – 8.59] in
women �80 years with a high LNR, as compared with
women 50–59 years old with a low LNR.

DISCUSSION

The literature has investigated issues of lymph nodes and
age in breast cancer, but to the best of our knowledge, not
how the extent of nodal involvement changes with age and
how this change affects survival. Wildiers et al. looked at
the incidence of positive nodal status but did not analyze
nodal involvement nor the impact on survival [37]. Schon-
berg et al. investigated the impact of age but not that of the
extent of nodal involvement [38]. We have investigated
many facets of nodal involvement [39–43]; we have inves-
tigated the functional effect of age and survival [44], but
like other authors, not how age and nodes relate, and fore-
most, until now, not how that relationship jointly affects
survival. Moreover, recently Danko et al. validated the
LNR applied to the Duke University Medical Center breast
cancer tumor registry [45]. Greene intervened in the discus-
sion as Editor of the current AJCC [46]. In consideration of
the LNR for inclusion in the future 8th edition of the TNM
Staging Strategy, one of the questions Greene raised was

“because the total number of lymph nodes is reduced as we
get older, what is the value of the lymph node ratio in the
staging of older patients with cancer?” [45]. We believe that
the present study is a timely key contribution.

Our methods warrant some comments. Describing and
displaying the relationship between age and lymph nodes is
a nontrivial issue. We wanted to convey a picture of the
trends, but we also wanted to convey a direct visualization
of the data “as is,” its strengths as well as its weaknesses.
Figure 1 showed histograms of lymph node values without
taking into account age. Extending the figure to take into
account age would have required the stacking of 50 histo-
grams, one for each year of age, which would have been vi-
sually unacceptable. Stacking fewer histograms, or using
summary box plots, would have lost fine details. We de-
signed Figure 2 by combining several tools: jittering ap-
plied to each and every patients’ data to display its
heterogeneity [47], and ordinary averages to display the
crude trends, on which we superimposed smoothed model-
ing based on GAMLSS to display a summary of the pat-
terns.

GAMLSS is a new set of tools that allow all the param-
eters (e.g., the mean) of the distribution (e.g., the lognor-
mal) of a response variable (e.g., the LNR) to be modeled as

Figure 3. Cause-specific mortality according to age and LNR. The two panels represent the estimated cause-specific probabilities
of dying, either from breast cancer (A) or from other causes (B). The curves are coded by type to indicate the LNR group (plain �
high-risk LNR; dashed � intermediary-risk LNR; dotted � low-risk LNR) and by color to indicate the age group (red � age �80
years, purple � 70–79 years, green � 60–69 years, and blue � 50–59 years). The same coding applies to the two panels, for
example, the red plain curves represent age �80 years with high LNR and the purple dashed curves represent age 70–79 years with
intermediary LNR. (A): Apart a late deviation of the plain red curve, all curves of the same type are clustered together irrespective
of their colors, indicating that patients with the same LNR have comparable risks of dying from breast cancer, regardless of age.
(B): Curves of the same color are clustered together irrespective of their types, indicating that patients in the same age group have
comparable risks of dying from other causes, regardless of LNR values. The overall mortality can be computed from the two panels
by adding the cause-specific mortalities. For example, age 50–59 years with high-risk LNR is represented by the plain blue curves.
At 5 years the corresponding breast cancer mortality reads 0.39, the other causes mortality reads 0.04, and the resulting 5-year
overall risk of dying is 0.43 (see also Tables 2A and 2B).

Abbreviation: LNR, lymph node ratio.
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Table 1. Patient characteristics according to age

All ages
(n � 17685)

Age 50–59 yr(s)
(n � 5863)

Age 60–69 yr(s)
(n � 5716)

Age 70–79 yr(s)
(n � 4431)

Age >80 yr(s)
(n � 1675)

n % % % %

Overall 17685 33.2 32.3 25.1 9.5
Registry area

Eastern (CT, Detroit, Atlanta) 7072 33.5 32.7 25.1 8.7
Central (IA, NM, UT) 4364 30.3 31.3 26.4 12.0
Western (San Francisco,
Hawaii, Seattle)

6249 34.8 32.6 24.1 8.5

Year of diagnosis
1988–1992 8731 30.3 35.0 25.2 9.6
1993–1997 8954 36.0 29.8 24.9 9.3

Married status 9990 40.3 35.5 20.5 3.6
Black race 1319 39.8 32.4 22.4 5.5
Tumor medial location 1896 35.8 33.0 23.8 7.4
Ductal histology 13985 33.5 32.2 24.6 9.6
Histological grade

Grade 1–2 6523 32.8 31.2 26.0 9.9
Grade 3–4 6231 35.9 31.6 23.8 8.7
Unknown 4931 30.1 34.7 25.3 9.9

Hormone receptor status
ER� PR� 7714 32.3 31.7 26.5 9.6
ER� PR� 2211 41.8 32.7 19.1 6.4
ER� PR� 1620 32.6 31.6 25.3 10.5
ER� PR� 350 45.4 29.1 18.0 7.4
ER and/or PR unknown 5790 30.4 33.5 25.8 10.3

Local therapy
Mastectomy only 11150 28.4 31.9 27.6 12.0
Mastectomy plus RT 1755 39.1 33.2 22.8 4.8
BCS only 1075 44.9 29.8 14.9 10.4
BCS plus RT 3705 41.1 34.0 21.3 3.6

T2 stage (tumor size �2 cm) 8558 33.3 31.3 24.6 10.9
No. nodes examined

1–9 2924 27.9 29.1 27.2 15.8
�10 14761 34.2 33.0 24.6 8.2

No. positive nodes
1–3 11661 33.0 32.0 25.2 9.9
4–9 4064 34.1 32.0 24.7 9.2
�10 1960 32.1 35.1 25.1 7.8

Lymph node ratio
0.01–0.20 10205 33.9 32.6 24.7 8.8
0.21–0.65 5242 33.4 31.8 25.4 9.5
0.66–1.00 2238 29.1 32.4 25.9 12.6

Cause of death
Alive 7563 46.0 35.1 17.0 1.8
Breast cancer 5153 34.3 33.8 24.1 7.8
Other causes 4969 12.4 26.5 38.3 22.8

Figures in the last four columns are row percentages.
Abbreviations: BCS, breast-conserving surgery; ER, estrogen receptor; PR, progesterone receptor; RT, radiation therapy.
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linear/nonlinear or smooth functions (e.g., cubic spline) of
the explanatory variables (e.g., age) [35]. The GAMLSS
has been selected by the World Health Organization to es-
tablish standardized growth curves [48, 49]. Khondoker et

al. found the GAMLSS to be a more powerful method than
other variance stabilizing methods for the normalization of
cDNA microarray data [50]. Mouksassi et al. used the
GAMLSS to simulate age-matched weight data in a pediat-

Table 2A. Cause-specific mortality at 5 years, according to age and to LNR

Age 50–59 yr(s) Age 60–69 yr(s) Age 70–79 yr(s) Age >80 yr(s) All ages

(a) Breast cancer mortality at 5 years
Low LNR 9.8 10.5 9.4 12.6 10.2

Mid-LNR 18.6 19.2 19.5 18.1 19.0

High LNR 39.0 34.1 36.9 29.8 35.7

All LNR 15.7 16.0 16.0 17.1 16.0

(b) Other causes mortality at 5 years
Low LNR 2.6 6.3 14.0 28.2 8.9

Mid-LNR 3.8 6.2 16.2 34.2 10.6

High LNR 4.0 9.0 13.5 37.6 12.3

All LNR 3.1 6.6 14.6 31.5 9.8

(c) All causes mortality at 5 years
Low LNR 12.5 16.7 23.5 40.8 19.1

Mid-LNR 22.5 25.4 35.7 52.3 29.6

High LNR 43.0 43.1 50.3 67.4 48.0

All LNR 18.8 22.6 30.7 48.7 25.9

Estimated cause-specific risk of dying at 5 years (%), from breast cancer (a) and from other causes (b). The last column and
last row of each section show the risks computed without taking into account age and LNR, respectively. (a): Italicized
column: The risk of dying from breast cancer increases with LNR, similarly to the other columns. (b): Italicized row: The
risk of dying from other causes increases with age, similarly to the other rows. (c): The overall risk of dying increases with
both LNR and age. Low LNR � 0.01–0.20; mid-LNR � 0.21–0.65; high LNR � 0.66–1.00.
Abbreviation: LNR, lymph node ratio.

Table 2B. 95% confidence intervals of the 5-years cause-specific mortalities

Age 50–59 yr(s) Age 60–69 yr(s) Age 70–79 yr(s) Age >80 yr(s) All ages

(a) Breast cancer mortality at 5 yr(s): 95% CI
Low LNR 8.8–10.8 9.4–11.5 8.2–10.7 10.1–15.0 9.6–10.8

Mid-LNR 16.7–20.5 17.3–21.2 17.1–21.8 13.9–22.1 17.9–20.1

High LNR 35.1–42.7 30.4–37.6 32.5–40.9 22.7–36.1 33.6–37.8

All LNR 14.7–16.6 15.0–17.0 14.9–17.2 15.0–19.2 15.5–16.6

(b) Other causes mortality at 5 yr(s): 95% CI
Low LNR 2.1–3.2 5.4–7.1 12.6–15.5 24.9–31.3 8.3–9.5

Mid-LNR 2.8–4.8 4.9–7.5 14.0–18.4 29.4–38.6 9.7–11.5

High LNR 2.0–5.9 6.4–11.5 9.9–16.9 30.4–43.9 10.6–14.0

All LNR 2.7–3.6 5.9–7.3 13.5–15.8 29.0–34.0 9.3–10.3

(c) All causes mortality at 5 yr(s): 95% CI
Low LNR 11.4–13.6 15.5–18.0 21.8–25.1 37.5–43.9 18.3–19.8

Mid-LNR 20.5–24.4 23.3–27.5 33.1–38.2 47.7–56.5 28.4–30.8

High LNR 39.1–46.7 39.4–46.6 46.1–54.3 61.4–72.4 45.9–50.0

All LNR 17.8–19.8 21.5–23.7 29.3–32.0 46.2–51.0 25.2–26.5

Abbreviations: CI, confidence interval; LNR, lymph node ratio.
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Table 3. Competing risks analysis

Breast cancer Other causes Overall

Variable Reference HRBC 95% CI HROC 95% CI HROV 95% CI

Age at diagnosis

60–69 yr(s) Age 50–59 1.04 (0.97–1.11) 2.23 (2.03–2.46) 1.35 (1.28–1.43)

70–79 yr(s) Age 50–59 1.12 (1.04–1.20) 5.18 (4.72–5.68) 2.15 (2.04–2.27)

�80 yr(s) Age 50–59 1.15 (1.03–1.29) 11.92 (10.7–13.2) 3.67 (3.43–3.93)

Lymph node ratio

0.21–0.65 0.01–0.20 1.82 (1.71–1.94) 1.18 (1.11–1.26) 1.45 (1.38–1.51)

0.66–1.00 0.01–0.20 3.41 (3.16–3.67) 1.34 (1.22–1.47) 2.25 (2.13–2.38)

T2 stage T1 (size �2 cm) 1.68 (1.58–1.78) 1.17 (1.11–1.24) 1.39 (1.34–1.45)

Hormone receptor

ER� PR� ER PR �/�, �/�, unknown 0.76 (0.71–0.81) 0.93 (0.87–0.98) 0.84 (0.81–0.88)

ER� PR� ERPR �/�, �/�, unknown 1.30 (1.20–1.41) 1.01 (0.90–1.12) 1.21 (1.14–1.29)

Married status Nonmarried, unknown 0.87 (0.82–0.92) 0.72 (0.68–0.77) 0.79 (0.76–0.83)

Local therapy

Mastectomy plus RT Mastectomy only 0.88 (0.81–0.96) 0.91 (0.82–1.01) 0.91 (0.85–0.98)

BCS only Mastectomy only 0.79 (0.69–0.89) 0.94 (0.83–1.07) 0.85 (0.78–0.94)

BCS plus RT Mastectomy only 0.73 (0.68–0.79) 0.80 (0.74–0.87) 0.76 (0.72–0.81)

Histological grade 3–4 Grade 1–2, unknown 1.41 (1.33–1.49) 0.99 (0.93–1.06) 1.19 (1.15–1.25)

Black race Other, unknown 1.33 (1.21–1.46) 1.29 (1.16–1.44) 1.31 (1.22–1.41)

HR and 95% CI, computed for specific BC and OC mortality and for overall mortality. The variables were ranked according
to the Bayesian Information Criterion. HRs of variables with a large differential effect on a specific mortality are italicized.
Note that the overall mortality hazard ratios HROV can be approximated from the BC and OC hazard ratios as
exp�(log(HRBC) � log(HROC))/2�.
Abbreviations: BC, breast cancer; BCS, breast-conserving surgery; CI, confidence interval; ER, estrogen receptor; HR,
hazard ratio; OC, other causes; PR, progesterone receptor; RT, radiation therapy.

Table 4. Adjusted joint effect of age and LNR on mortality

Age 50–59 yr(s) Age 60–69 yr(s) Age 70–79 yr(s) Age >80 yr(s)

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

(a) Breast cancer mortality
Low LNR 1 1.07 (0.97–1.19) 1.04 (0.93–1.17) 1.24 (1.04–1.47)

Mid-LNR 1.82 (1.64–2.02) 1.89 (1.70–2.10) 2.04 (1.81–2.30) 2.08 (1.72–2.50)

High LNR 3.41 (3.00–3.87) 3.36 (2.97–3.80) 4.21 (3.69–4.81) 3.56 (2.89–4.39)

(b) Other causes mortality
Low LNR 1 2.29 (2.02–2.59) 5.26 (4.67–5.93) 11.87 (10.39–13.56)

Mid-LNR 1.22 (1.03–1.46) 2.51 (2.17–2.90) 6.42 (5.63–7.33) 14.14 (12.13–16.48)

High LNR 1.35 (1.02–1.79) 3.31 (2.73–4.00) 6.17 (5.15–7.39) 17.55 (14.53–21.20)

(c) All causes mortality
Low LNR 1 1.48 (1.37–1.59) 2.41 (2.23–2.61) 4.46 (4.06–4.90)

Mid-LNR 1.66 (1.52–1.82) 2.12 (1.94–2.31) 3.42 (3.14–3.73) 5.54 (4.96–6.19)

High LNR 2.97 (2.65–3.32) 3.49 (3.14–3.87) 4.96 (4.45–5.52) 7.49 (6.54–8.59)

Joint mortality hazard ratios of age and LNR. The cause-specific hazard ratios were computed in competing risks models
adjusting for T stage, hormone receptor status, marital status, histological grade, race, and number of positive nodes. Low
LNR � 0.01–0.20; mid-LNR � 0.21–0.65; high LNR � 0.66–1.00.
Abbreviations: CI, confidence interval; HR, hazard ratio; LNR, lymph node ratio.
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ric short-bowel syndrome population to optimize phase I
therapeutic dosing strategies [51]. Though few, these stud-
ies show the emerging importance of the GAMLSS. The
present study is among the first large-scale clinical applica-
tions of the GAMLSS.

By the book, our GAMLSS choices of lognormal and
normal distributions for the numbers nodes might be con-
sidered inappropriate. The lognormal and normal distribu-
tions apply to continuous data but not to discrete data [43].
Given that numbers of nodes are counted as integers, a me-
dian of, for example, “3.721 positive nodes” is incorrect.
We applied discrete distributions such as the negative bino-
mial that we had previously investigated [43]. Surprisingly,
the percentiles did not match the data any better, with the
additional drawback of sudden jumps when displaying per-
centile curves, for example, a median of 2 nodes at age 69
years, which abruptly became 3 nodes at age 70 years. We
found that the continuous distributions not only obviated
the sudden jumps but also biologically were a more sensible
choice. On reflection, integer units of lymph nodes are ar-
tificial abstractions. Uninvolved lymph nodes can widely
differ within a patient and among patients, and their in-
volvement can be minimal, or can be any range through to
massive involvement or even beyond the node [52]—yet all
of these cases are lumped together by coarse integer units.
We have argued that breast cancer is a disease continuum
without identifiable cutpoints [53]. By modeling the num-
bers of nodes as continuous, stating a median of “3.721 pos-
itive nodes,” though perplexing, is in fact closer to the
reality of the disease than stating “4 nodes.”

Other than tongue-in-cheek procedures names, there is
no magic recipe for the selection of variables in multivariate
analyses. Investigators have to choose among many selec-
tion methods, automatic and/or handpicked, and among di-
verse criteria for selection. We have favored the use of the
Akaike Information Criterion (AIC) in our previous studies
where the aim was to detect subtle differences or where
modeling was applied to small data sets [33, 54–56]. The
AIC penalizes models by the number of parameters in-
cluded in the models: the more variables included, the
higher the penalty. In the present study, we strived for a
model that should be as parsimonious as possible, that is,
more severe than the AIC, but not to the extreme of discard-
ing all variables. We chose the BIC on consideration of the
extensive literature [57–60]. The BIC penalizes models by
the logarithm of total number of cases, multiplied by the
number of parameters: the more variables included, and the
more cases there are, the higher the penalty. We applied a
semiautomatic method to reduce investigator’s influence,
using a programming procedure for which there is long-
standing support [36]. As shown in Table 3, pending a min-

imal manual pruning that we did for npos, the model was
reasonably lean, yet was capable of retaining variables
known to be important in breast cancer.

Our results are biologically consistent. Table 3 shows
that estrogen receptor positive progesterone receptor posi-
tive (ER�PR�) was associated with reduced risk of BC
death and ER�PR� with increased risk of BC death, but
were not related to “Other causes” of death. Likewise, high
grade and T stage were associated with BC death. Note that
the differential effects were not clear-cut, as LNR and T2
stage were also associated with some increased risk of other
causes of death. Potential explanations are misclassifica-
tion of cause of death or lead-time bias in the diagnosis of
breast cancer in nonscreened patients. Race was associated
with both increased risk of BC death and increased risk of
other causes of death. Breast-conserving surgery was asso-
ciated with a reduced risk of BC death, possibly because of
selection of patients with more favorable characteristics
such as tumors diagnosed by screening or resected with
wide clear margins or other factors that the present analyses
could not account for.

It is known that the incidence of node-positive status de-
creases with age, as a consequence of the smaller propor-
tion of patients receiving any axillary lymph node
dissection, which has also been reported to decrease with
age [22, 61]. However, elderly people diagnosed with
breast cancer were significantly more likely to die from
cancer, even with less aggressive tumors. This may be due
to inadequate treatment or other unknown factors [14, 62].
Wildiers et al. found that lymph node involvement probably
decreased until 70 years but increased again thereafter [37].
We found that npos did not change notably over the age
range 50–90 years, whereas ntot declined with age (Figure
2). In the present data, an unchanged npos in older women
masked the disease severity because of the reduced number
of lymph node examinations, suggesting understaging in
keeping with other authors who noted that axillary exami-
nations might have been performed less in elderly patients
[25].

Similarly to other authors, we found that increased age
was associated with less aggressive tumor characteristics
[7, 8, 10 –13]: the relative proportion of ER�PR� over
ER�PR�, and the relative proportion of low grade over
high grade, increased with age (Table 1). However, results
of our survival analyses do not concur with tumor indo-
lency. Table 1 shows that the unadjusted risk of dying from
breast cancer increased with age: the relative proportion of
patients dying of breast cancer over those still living in-
creased from 34.3%/46.0% at 50–59 years of age to 7.8%/
1.8% at �80 years of age, although this was overshadowed
by a marked increase of non– breast cancer deaths, from

1058 Age and Axillary LNR in Postmenopausal Women



12.4%/46.0% to 22.8%/1.8% (Table 1). This parallels pre-
vious findings that disease-free survival was not associated
with age [63]. In the adjusted multivariate analysis, assum-
ing all other factors equal, age was not associated with a re-
duction of breast cancer death, specific hazard ratio of 1.04
at age 60–69 years and 1.15 at age �80 years (Table 3).
Our analyses did not investigate the changes of therapy with
age. Nevertheless, in view of the high risk of breast cancer
death associated with high tumor burden (Table 4), we can-
not exclude the possibility that elderly women with high tu-
mor burdens might have been undertreated [14, 64, 65].

Results of our study concur with previous studies show-
ing an association between lymph node dissection and re-
duced mortality in other tumors [66]. It has been
hypothesized that dissection removes a potential route of
metastasis, resulting in improved survival [61]. Lower use
of axillary dissection in elderly women may be related to
this proposed phenomenon.

Besides addressing the value of the LNR in the staging
of older patients [45], our results have important clinical
implications because of the aging of populations in devel-
oped countries, and in particular the ones aged 65 or older.
In the United States, it is estimated that 36.8 million (12%)
of the U.S. population are 65 years and older and this num-
ber is expected to double in the next 2 decades with an equal
proportion of men and women [67]. In contrast to previous
generations, baby boomers tend to live longer and have a
healthier lifestyle. As an illustration, the life expectancy of
individuals aged 65–74, 75–84, and 85 years is estimated to
be 15, 10, and 6 years, respectively [68]. Traditionally,
older adults are less likely to receive optimal doses of che-
motherapy compared with younger patients because of the
presence of comorbidities and increased risk of complica-
tions [64, 69, 70]. However, in selected patients with posi-
tive axillary lymph nodes and estrogen receptor negative
tumors, adjuvant chemotherapy may improve outcome
[71]. In a retrospective analysis of 40,000 elderly breast
cancer patients, adjuvant chemotherapy was proven to im-
prove survival in patients �70 years, ER negative, and ax-
illary node positive [72]. The benefit of chemotherapy for
elderly ER negative breast cancer patients was also corrob-
orated in another study [73]. Thus, this subset of elderly
breast cancer patients may benefit from chemotherapy if
they have a life expectancy of at least 5 years. Use of LNR
as a cutoff for elderly patients may help clinicians guide
their treatment decisions. In patients with LNR �0.20, ob-
servation may be justified following surgery with treatment
initiated at the time of recurrence. Chemotherapy and/or ra-
diotherapy may be considered for patients with LNR �0.20
and fit physical conditions. In very old patients, the risk of
dying from causes other than breast cancer was exceedingly

high. Nevertheless, a LNR �0.65 identified among the very
old patients a risk of dying from breast cancer commensu-
rately high. The high-LNR rows of Table 4 show that, in the
oldest age group where the hazard ratio of “Other causes”
appeared the highest at 17.55, the hazard ratio of breast can-
cer death was 3.56, versus an overall hazard ratio of 7.49.
This hints that breast cancer represented the single most im-
portant cause of death in patients with LNR �0.65. Actu-
ally, we did not detail the “Other causes” of death. Counting
the causes of death in the �80 years age group with LNR
�0.65, we found the following: 13 patients were still living
or were assumed so and 104 patients died from breast can-
cer, 96 from cardiovascular causes, 12 from respiratory dis-
eases, 13 from other cancers, and 43 from diverse other
causes.

Limitations of the study include its retrospective nature.
Data were collected at the time of breast cancer diagnosis,
thereby eliminating recall bias. However, information on
systemic therapy was not collected. Modeling could not
take into account whether patients received hormone ther-
apy or neoadjuvant chemotherapy which could affect
lymph node values [74]. We cannot exclude that the effect
of age and lymph node ratio on breast cancer mortality
might have been biased by the discrepancy between adju-
vant treatment (chemo- and radiotherapy) received by the
different age groups. Additionally, comorbidity is in-
creasingly important with advancing age, which might
confound results [75]. As shown in Figure 3 and Tables
1– 4, age is a strong predictor of non– breast cancer death.
Data on comorbidities are not collected by the SEER reg-
istries.

Additional limitations included analyses restricted to
women who underwent axillary exploration and for whom
more complete pathological information was available. We
cannot exclude the potential bias of missing data by ex-
cluding patients without lymph nodes examined. A note
of caution is also warranted, considering that a ratio
based on a small number of lymph nodes has a larger
standard error; this could affect the reliability of the
lymph node ratio in the older age group who had less ex-
tensive axillary dissection.

Despite these limitations, the study has several strengths
supporting its validity and reliability. Since its establish-
ment in 1973, the SEER has considerably expanded, pro-
viding valuable material to build research hypotheses and to
gain insight into populations under-represented in clinical
trials [38, 76]. SEER data are derived from population-
based cancer registries, which minimize or eliminate sev-
eral study biases and confounders, including selection
biases and treatment fads. SEER data have been shown to
be nearly complete, reducing the influence of loss to fol-
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low-up biases. Highly accurate data collection at the time of
diagnosis reduces recall biases. Overall, we believe that the
data analyzed are well balanced; implications of our results
strongly suggest tumor burden, as measured by the LNR,
should be taken into account when evaluating treatment de-
cisions in elderly patients.

CONCLUSIONS

Age at diagnosis was nonlinearly related to the lymph node
ratio, indicating a greater burden of disease with advancing
age. Elderly women with a higher tumor burden had an in-
creased risk of breast cancer death added on top of other
risks. We argue that tumor burden measured by LNR

should be taken into account in order to advise optimal
breast cancer therapy in elderly patients.
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